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SEXECUTIVE SUMMARY JU!sca 1-.v

Tihe United States Army Medical Research and Development Command VITI•O•AA:BI

has been supporting research in order to recommend environmental quality "P-•'L-

shandards for the munitions manufacturing industry. Both laboratory and

field studies have been conducted by a number of different contractors.

The present work conducted at the Holston Army Ammunition Plant

in Kingsport, Tennessee was performed by Battelle's Columbus Laboratories

in order to determine the toxicity of five wastewaters associated with a

pilot biological treatment plant. Manufacturing wastewaters from both

Area A and Area B were mixed in a ratio of 1:9 by volume, respectively.

this mixture was then treated by two biological systems - the 3A system

which consisted of an activated sludge chamber and the 6A system which
contained both a trickling filter and an activated sludge chamber.

Work performed at IAAP included on-site 96-hour static acute

LC50 bioassay tests using fathead minnows. Solutions tested were Area A

wastes, Area B wastes, the A+B mixture, the 3A system effluent and the

6A system effluent. Quantitative analyses of RDX, tN•, TNT, and COD in

the test waters were also conducted in conjunction with each test. Other

water quality parameters monitored by HAAP personnel were correlated with

munitions constituents and fish mortality. In-house Amos Spot tests were

conducted on alt wastewaters from the tlAMP pilot plant.

Results of the bioassay tests with fathead minnows indicated the,

Area A wastewater to be the most toxic having an LC50 value of approximately

I percent. Area B wastewater was found to be less toxic to this species

but showed a greater daily fluctuation in toxicity with LC50 values ranging

from 6.2 percent to 43.8 porent. The combined Area A + Area B wastes

were intermediate in toxicity with LCUO values of 1.43 percent to 14.0 percent.

Conerally, the treated wastewaters (3A and 6A) iwere of lower toxicity with

LCSo values of 70 percent or greater. Three replicate exceptions ranged

between 16.5 percent and 36.7 percent.

A special bioassay wa•t conducted using 6A effluent water spiked

with 10 ppm RIM. Subsequent chemical analysis indicated the concentration

of lV)X in the test water to be 5.17 Pt1. Results of this test produced

an LCSO. value of 69.8 percent.



Toxic effects (i.e., mortality) were positively correlated with

high levels of IIMX, COD, BOD (filtered and unfiltered), pH, NH3 , TKN,

P0 4 , NO2 , and total solids.

A review of the mutagenic screening test results of all waste-

waters indicated that no definite mutagens were present. One sample of

the 6A effluent collected on June 22, 1976, showed a slight suggestion of

the possible presence of mutagens, however, the indication was marginal.

r, --- • The overall results of the on-site bioassay tests indicate

that biological treatment, either activated sludge or the combination

trickling-filter-activated sludge does reduce the toxicity of the HAAP

manufacturing wastewaters.

A1
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INTRODUCTI ON

Background

The United States Army Medical Research and Development Coamand

(USAMRDOC) has been supporting a major research effort, the ultimate objec-

tive of which is to develop suggested environmental quality standards for

the munitions industry. Major efforts by several contractors have included

both laboratory and field studies of the toxic effects of munitions manu-

facturing waste waters. Battelle's Columbus Laboratories (BCL) have been

involved in field stotdies since 1974.

Phase I investigations involved screening stuwles at three muni-

tions plants. These three plants were:

* Badger Army Aimunition Plant (BAAP)

9 Joliet Army Ammunition Plant (JAAP)

a Laku City Army Atmounition Plan t.AJ.P)

Results of Phase I investigations are described in Cooper at a&..

1975.

Phase I1 studies concentrated on environmental effects at IMP

and JAAP. The objectives of Phase It investigations were to collect and

analyse replicated quantitative information relative to the specific nature

of effluent effects on receiving systems and to deterine the relation-

ship(s) between observed effects and the amount of primary munitivns con-

stituents in the effluents. Result# of these investigations were reported

in two separate reports to the USANI)C for work at I•P (Stilvell ¢J t1.,

1976a) and at JAAP (Stilkell PAt 1., 1976b).

Under USAMttD Contract No. OAND 17-74-C-4123 8QC. irs been con-

ducting additional relat&' iork at the tHolston Army Aw•unitiou Plant (|UAAP).

The purpose of these further investigations was to generate on-site toxti

cological data on the influents to and eftluents from the waste treatment
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pilot plant tciQig tested at |IAAP. This pilot plant has been developed and

implemvuid by U.S. Army Armament Cotuuand (ARMCOM) to evaluate the effective-

ness of advanced munitions waste treatment concepts and desensitization.

These investigations will allow for a more thorough evaluation of

the overall effectiveness of the biological treaLment concepts being tested.

The scope of the work performed at HlAP included the following:

* On-site 96-hour static acute LC50 bioassays using fathead min-

nows (Pimephales promelos). Solutions tested were Area A

wastes, Area R wastes, 1:9 mixture of Area A and Area B, the

activated slhdge system effluent (IA) and the aerobic trickle

filter - activated sludge system effluent (6A).

* Quantitative analyses of RIX, tl•, TNT and COD in all bioas-

say Lost waters.

* In-house Ames Spot tests on influent and effluent waste waters

from the lIMP pilot plant.

REISEARCHI SThA. iY_

The main emphasis of current invest iat ions at I•AP was on the

determinativc of the toxicity of the five wastewaters salecmo for study.

The relative toxictty of each solution vas tosted during multiple, duplicate

bioassays conducted on-site in a mobile taboratory. Water samples were col-

lected. preserved and analyzed by flCL and IMP .personnel in conjunction with

each test. Ihego studies wero rot desigt~d to determine the fate of various

munitions compounds or the efC•ioncies of th1 component parts of the

treatment process. They were designed to twasure only tie toxic properties of

the influonts and effluenta Pf tho pilot treatmett plant.



Siampl ing Protocol

Facility Description

Hlolston Army Arinlunition Plant is a government-owned contractor-
operated installation located in northeastern Tennessee in Kingsport.
Operated by Eastman Corporation, its primary missions are the manufacture of
RDX and HMX and the preparation and loading of Composition B (a mixture
of RDX and rTT). The plant is located in two areas of Kingsport, Tennessee.
Area A, located in Kingsport proper, occupies an area along the south fork
of the Holston River. Area B is located southeast of Kingsport on the
main fork of the Hlolston River downstream from the north and south fork

Manufacturing Waste Composit cin

The influent to thl pilot blological treatment plant was com-
posed of Area A waste and Area U waste mixed in a I to 9 ratio by volume

to approximate actual discharges.

TabIe I presents tho points where the Area A and Area B compos-

ite wastewaters were collected. Area A wastes yore composed of ton different
vasteu.tors. Area B was sampled at four poiaeg to form the explosives
.manufacturing area wasteWater. An additional synthetic waste composed of

ac-tic acid, cyclotexanote, acotone, n-butanol, and hexamino was added to
the Area B composite to bring the COO Level up to 400 m/ , which more

clovely approximates actual manufacturing Was.tewator levolst at high production
periods. Nitrate* Vere 4lo added at the rate of 150 mg/l to siv.ulat# actual

levalx under high productive c~ndtittas.

1iLo t l'sat t ion

The pilot waste treatment j'laot wAs constructed in building E-2
in the explosives manufacturing area. Uastovateor flow through the pilot

plant is depicted in the flow chart in Figure I. A flow description

follows:
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TABLE i. HOLSTON ARMY AMMUNITION PLANT MANUFACTURING
WASTE COMPOSITION

Point Wastewater Volume (gallons)

Area A

Acetic Acid Concentration Azeo Slop Water 91.0

Acetic Acid Concentration Sludge Heater Waste 4.0

Acetic Acid Concentration Azeo Slop Water 66.0(a)

Acetic Acid Concentration Sludge Heater Waste 4 . 0 (a)

Acetic Anhydride Refining Low Boiler Waste 0.25

Acetic Anhydride Manufacturing E-Scrubber 40.0

Steam Generation Boiler Blowdown 47.5

Product Gas Plant River Water (hairpin cooler) 230.0

Filter Plant Lime and Alum Sludge 12.0

Filter Plant Ion Exchange Regeneration 6.5

o.s(b)
501.25(b

Area B

1 Composition B production line 50

2 Composition B production line 200

.3 Continuous process RDX line 100

"4 Acetic acid, N02/N03* laundry, 150
NaNO3 and other manufacturing
wastes -i!!i ... .. ' . .500

.(a) Boas flow productiou these samples were collected from the same
Wi.dlding as the two previous wastewaters.

(b) Add 0.8 lb. of pulverized bo'ler bottom ash (can be from Area B).
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.Area A and Area B wastes were collected separately and

transported to building E -2 where each was pumped Into the

equalization tank. Each wastewater was pumped to separate

f. $ storage containers inside the building.

aSynthetic wastes were added to the Area B wastes in the

f storage tanks to increase the COD to 400 mg/I and the nitrate-

nitrogen to 150 mg/l.

*The Area B wastes were passed through a sump to a deni-

trification column. Nitrate reduction was usually greater

than 90%. through this column.

*The Area A and Area B wastes were mixed in a sump in the

ratio of 1:9.

*The A and B mixture was fed into two separate biological

treatment systems - 3A and 6A.

.3A System

A and B blend was fed into an activated sludge

chamber and ftnally to a clarifier. Settle-

V able material was recirculated to the sludge

chamber. The overflow from the clarifier

constituted the final.3A effluent.

6A system

The*A and B blend was pretreated through two
aerobic trickle filter towers before being fod

into an activated sludge chamber. The discharge

from the sludge treatment war fed into a clarifier.

As in the 3A system, settleable material in the

clarifier was recirculated to the activated sludge.

The overflow from-the clarifier in this system
constituted the. 6A ef fluent.

ioassay Test SAqmpta Points

bioassay test waters were cotlected, frotm five points within the

pilot plant system. Those points are shown on Figure I. The wastewater

solutions and numbers of tosts run are presented in -table 2.
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TABLE 2. WAS'TIMATERS USED IN
FISH BItOASSAY TESTS AT IAAP

Number of Bioassay
WNaste Water Sarmplln,, Location Tests

Area A Holding Tank Drain S

Aren 8 Holding t'ank Drain 3

Area R (witthou t CGD or Holding Tank Drain
ltrat't ~.Jdvd)

SArea A + Area Rt Mixing Sump 3

Effluent 1A Clnrifi tr Overflow 5

Effluent 6A ClarLf ivr Overflow 7

.A- .. . . .

K . . .
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Sami ugand Analytical Methods

SSampl Collect Ion

Water samples from the five sample points in the pilot plant were

collected daily in plastic bottles and analyzed in the plant chemistry

laboratory by HAAP personnel. Samples were composited over 24-hours and

kept on ice during the sampling period.
I Water samples for the fish bioassay tests and BCL chemical analysis

were collected by BCL personnel in S-gallon glass bottles and transported

to the mobile laboratory located near the lIMP pump house on the Holston

River. Water samples for chemical analysis by BOL were taken from the

bioassay water, preserved in amber glass bottles or plastic (COD analysis)

and refrigerated on-site. Samples for mutagenic screening were taken from the

bioassay water, put in plastic bottles and refrigerated. All DCL samples

were then packed on ice and delivered. to the laboratory in Columbus$ Ohio.

Analytical Methods

HIMP Water Qality. Water F imples wore collected at points within

the pilot plant and analysed for selected, water quality parameters by HAA?

personnel. Analytical techniques for COD, BOD, TKN, dissolved oxygen, total

4phosphate, settleable solids and total stolids were those detailed in

"Standard Methods for the Examination-of Water and Wasteweter". the 13th
edition (1911). Nitrate and nitrite were measured using Orion specific ion

electrodes. Ammonia was measured as nitrogen by the Kjeldahl method and

pit was done with a Foxboro recording pit metor. Munitions constituents

including MDX, IIMX,ý and, TNT were measured using a liquid chromatography method.

I attlte~ll;seoluffuslA ibo 4tntor tun ItLoneantttucntAnalysis.

Methods for the determination of mroumand submierogiram quantities of

I MlX, RDX, and TNT are reported in ths. literature and Inc lude. titrimetric

I(Sinha at al., 1964; Sbateok, 1961; -Vniuth, 1965), thin layer chromatographic

(Fauth and Roockur, 1965; flarthon, .1961; Clover and Iloffaouser, 197.3; sell

Z
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and Ihinstan, 1906, and flannsotn and Olin, 1962) as well as gas chromatographic

(1ioffsonmmer, 1970; Glover and Hoffsosumer, 1974; Hoffsomzner, et al., 1975;

Hoffsommer and Rosen, 1972; Rowe, 1967; Cooper et al., 1974) procedures.

However these techniques all require somewhat laborious sample preparatory

procedures including extraction and derivatization. These procedures intro-

duce sources of serious errors resulting from sample loss and degradation,

in addition to being time consuming and tedious. A method for the gas

chromatographic analysis of TNT and 2,4- and 2,6-DNT in water and sediment

samples had been developed at Blattelle's Columbus Laboratories (Cooper U al.

1974) and used in an earlier phase of the current project for the determina-

of these materials Ut levels below 1.0 ppm. However, because of the thermal

instabilities and low vapor pressures of RDX and HMX, such a methodology is

not satisfactory for tho quantitatlon of these munitions at comparably low

levels. Several reports (Doali and Jultasy, 1974; Williams, 1974; Selig, 1973)

have appeared in the I Itorature concerning the use of high performance
liquid chrom~atography (HPLC) aq a means to avoid the problems of thermal

instability -and low volatility encountered in the direct GC analysis of

*these materials, methods whivh potentially could achieve the high sensitiv-

-It necessary for the separation and dielerni-nation of RDX and.HKX in trace

amounts. A metliutblogsy utilizingNIX Lv echniques was developed as a part

of the work pregen~ttd In this report and used for the quantitation of HNX,
RDX, and TNT In hU'water 4amples recelved during this study. -This method

*has proven to he quite sat I.sfactory tit thatt it does not rtequtra sample

extraction or 'der Ivarii~at on an'd yet is sensitive to eonventrations as low

.1~ '0. O.O pm of these munitions. with an anlsstime of about 15 minutes..
I All analyses were conducted ithinf% et Varia.n 8500 High Pressure

Liquid Chromatograpli equipped with a DuPont 837 variable multIt-wavelength

UV detector, and an Irtfotronics Model CRS-204 digital into rotor. The

detection wavelength wag get. at 1230 inn. A ?S-va x 4.6-cm x 0.63 am

IPartisil 10-001S volumo vwii used, with a 40) ptircent methdnol/watvr mobil

plitse 4 nd a 5 mt/Ihou r flIow rate. A~lt solventg uised in this- 14tudy. wo~rQ

ditle ngas analyt ival gradle obtawineod f rom Hiurd-irk a-nd Ja4-kson

Laboatores, usdogon. Nwihigan.
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As 1IMX, RI)X, and TNT all read ily undergo photolyt ic as well as

thermal dt'gradat lon, at I samples were collected in amber bottles and stored

at 4 C prior to analysis. Measured aliquots were withdrawn from each

sample, filtered through t.0-wim Millipere Filter Discs (No. FALP 02500),

and the residue washed with 1-mi tetrahydrofuran (THF) which was then added to the

filtrate. Samples were prepared for LC analysis by simply diluting 100 ill of a 500

ppm solution of 3-nitrophenol (the internal standard) to 1.0 ml with the

combined filtrate and wash. Normally, Injection volumes of 100 iii were

used, with each sample being prepared and run in duplicate. However, for.

the determination of very low munitions levels (less than 0.300 ppm), 175

ul of these solutions were Injected, In all cases, the integrated area

ratios of the munition versus internal standard were used to determine

concentrations.

Tile chemical oxygen demand (COD)) wits determined for these water

samples using thle procedure outlIined in "Standard Methods for Examination

of Wnate Water", 13th edition (1.971). These samples were collected in

polyethylene bottLes vontnining 0.5 g HgCl 2 added as a preservative, and

stored at 4 C prior to anal-.sis.

Stand~ard solutions of eachi munition were prepared in methanol

using authentic isamples obtained earlier in this project from Dr. B. E. liackley,
EdewodArenlAbrdenProving Ground., Maryland. The use ofa

digital integrator coupled to the IIPLC detector permitted the accurate

detertination of tile. totat area of the peaks appearing in the HPLC chrood-

tograms of these materials. Peak "area. ratios". were determined by dividing

the integrated area obtained by the p4a orresponding to vach Muni.ion by

' the area obtaind for the Internal stan, d.Alna ersinaayi

of the relationship between the amount of a munition injeeed and -tile

resultant "area rittio".menerated the equa4tions listod below for each

munitiont

gag TNT injected w-2.4889 (area ratio) + 0.001

correlation coefficient L 1000

iag KIX injected *5.3390 (area ratio) C (0.002)
correlation coefficient 0.999

It RRg 1141Injected *4.6760 (area ratio) +.(-0.0445)

correlation cooeficient 0.992
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In order to calculate the concentrations of HMX, RDX, and TNT in

the MAAP water samples received for analysis, a known volume of each

sample was injected, the peak area ratios determined for each munition

present, and the concentrations of these materials determined using the

above equations.

Using a variable wavelength detector, the possibility of

increasing detection sensitivity by choosing a detection wavelength

to maximize the absorbance for the materials of interest was examined.

Spectrophotometric data for ethanolic solutions of several munitions

(Schroeder et al., 1951) are given in Table 3.

TABLE 3. SPECTROPHOTOMI•TRIC DATA FOR SEVERAL
MUNITIONS IN ETHANOMIC SOLUTION

Compound ? (Max) - (un) coefficient x 103

IHMX 228-229 21.0
. RDX 213 11.0

TAX 231-234 6.5
"SEIX 227 15.8
TNT 227 19.7
2,4-1NT 239-242 .14.3
USX 227 .16.2
ATX 224-225 16.0
PETN 225 25.0

STh cowon detection Wavelength for UV detectors in HPLC analy-

#isa is the Hg emission line at 254 m. However, a. indicated by the

A abov, data, the detector response to TNT,. MI., and 'P.tX •vill be .mximiaed

by. using a detection wavelongth which more closely-approximates the wave-

length of maximum absorption for these materials. As the absorption curves-

oL TNT and HIX maximixe at about 230 mm, this vas -chosen as the detection

wavelength for use in thtis study. Ky similarly choosing a wavelangth.

which, maximixes detection sensitivity, other munitions such as those

listed in Table 3 way be quantitated at trace concentrations using the

general methodology developed in this study.

J......



12L A lower limit of detection of 0.05 ppm was established using
prepared solutions of each munition in methanol. However, the occurrence

of interfering materials with peaks in the LC chromatogram appearing very

near those of IIMX and RUX prevented quantitation of these munitions below

0.10 ppm. Subsequent examination using a 20 percent methanol/water mobile

phase was successful in removing the interference problems, but the conse-

quent loss in sensitivity resulting from peak broadening prevented precise

and reproducible measurements of peak area. The estimated precision of

each analysis is better than 10 percent at concentrations above about

0.10 ppm, but rapidly decreases to no better than 50 percent below this

level. Therefore, MiX and RDX concentrations are not reported below 0.10

ppm in these samples.. In several cases, the absence of any munition peak

whatsoever indicated a concentration level below 0.05 ppm.

Mutaicenic Screeui.A. The Ames bacterial mutagenicity test is

a bioassay designed to detect potential mutagens by means of a special set

of five Salmonella typbitwmirium strains developed by Dr. Bruce Ames,

Specigically, these are TA-1535, TA-1537, TA-1538, TA-93, and UA-100.

The assay is based on the property of these five strains for reversion

from a histidine requiring state to prototrophy due to exposure to

various classes of uuutagens. Tho htstidine deficient varient strains

are used to detect frame shift reverse mutations (TA.-15.37, -1538. and

..-98) or base pair substitutions (T-A-1335 and -100). Those tester.

strains were, developed for their sonsitivity anid specificity to be

reverted back to the wIlIO type by particular mutagens.

The assay has been adapted for use in detecting-compounds

which may be potential mutagens. 1 It has recently beon documented that

-most compounds that act an carcinogens in maaztals also act as mutagens

in bacterial tyotmga.- A significant percentage of known carcinogenic

compounds are niot active carcinaottis in tho parent form but require

enzymatic alteration to an active tooioty. tMaimalian microsomal hydroxylase

systems are Tesponsible for this activation., Since these specific

bacteria do not:have the mampAlIian mmdcrosowAl enzyme systam, masusalian

liver homogenates are added to tho system. to activate the non-mutagonic.

parental compounds to Possible muta~vas.
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The activation system for nattagenesis screening consisted of

Arochlor 1254 induced microsomes derived from rat livers. Induction

was accomplished by a single intraperitoneal injection of Arochlor

(diluted 200 mg/mI of corn oil) into individual rats 5 days before

sacrifice at a dosage of 0.5 mg/g of body weight. The rats were deprived

of food and water 24 hours before sacrifice. The rats were then stunned

by a blow on the head and decapitated.

The livers were removed aseptically from the rats and placed

into a cold preweighed beaker containing 10 ml of 0.15M KC1. The livers

were swirled in this beaker and then removed with forceps to a second

beaker containing 3 ml of the KCI solution per gram of wet liver weight.

The livers were then minced with sterile scissors, transferred to a

chilled glass hooiogeniaing tube and homnogenized by passing a low speed

motor driven pestle through the livers a maximum of three times. The

homogenates were than placed in cold centrifuge tubes and centrituged

for 10 minutes at 9000 G at 4 C. The resulting supernatant was decanted,

* ~aliquoted in 3-mi amounts to small culture tubes, quickly frozen in dry

Lcee, and storad -80 degrees in a Revco freezer. sufficient microsomes

for use each day were thawed at room temperature and kept oni ice before

U and during use.

The liveramicrosomen were Incorporated into a mix 'which wa..
prepared itceording to the. recoimendations of Aras. The mic~rosomal mix

contained per m'i~ i~ver microsame preiparatiou 8-9 (0.15 Ml). tMgCl

(8 &molas), KCI (33 as motes),.~uon phosphate (5 moles), KADP
(4 mles). and sodium phosphate pit 7.4 (100 moles).Stk ouin

of NA.DP (0.114) and glticoso:6zphosphate were prepared with sterilIa water,.

&1i4uoted in appropriate anitunts$ and maintained in a t~vofroezer.

The stock salt solution's were prepareid. dutoclavad, and rafrigramted.

The S-.9 mix was prepared f resh each day. and was maintained on.ice before

and during uso.
The GI4el-la typhhuimtwi m, mutatit 9trains voro-obtained from

A. Dr.. $,,Amos. Upon raceipt, broth stock culto~es of oacth strain wore

grown, aliquoted in smaall vials and #ttored in t R levco frooser.. At tbe

3beginning of those investigatirmis now bactorial cultoros wor obtained

from this a oek supply. 1Subsoquont. to con[irmation of biochemtical.

AS



14

activity and spontaneous reversion rates, master cultures of each of the

strains were prepared and used on the origin of weekly preparations of

working cultures. All broth cultures were nutrient broth (Difco)

supplemented with 0.5 percent NaCl. The bacterial cultures to be used

for an assay were prepared by inoculating 0.1 ml of each tester strain

into 100 ml of nutrient broth and incubating the culture in a water bath

shaker for 16 to 20 hours.

The selective basal medium for histidine requiring strains

used in mutagenesis assays was a 1.5 percent Bacto-Difco agar in Vogel-

Bonner Medium E with 2 percent glucose.

The top agar (0.6 percent flifco agar, 0.5 percent NaCi) was

prepared in 10 ml aliquotes, autoclaved, and stored at room temperature.

Before use in mutagenesis assays the agar was ma~lted and 10 ml of a

sterile solution of 0.5 tn%1 lliistidine-IICl and 0.5 mM biotin. was 0'!ded

to the molten top agar and mixed thoroughly.

A nwuber of control tests were conducted to ascertain the

efficiency of the.test and the sterility of the test components. Positive

control dose response. assays were performed with each of the tester

strains with the appropriate positive control chemical. The purpose of

the positive control assay was to chock the parformance of the -test.

components-both with and without microsomal activation and to provide

a standard against which any activity of the test -water sample may be

copre.
Immediately upon receipt,. the water samples were refrigerated.

in hedar. ach of the sals w iltor sterilized before being-

ýassayed because of large amounts of exctrsabou& sedimentary miaterial in

the samle The mutagenicity determinations were made in'triplicate

for each water sample evaluated. Tht assays were conducted with each

Of the five tester strains both wihsn ihu h resenceo h

inicrosomal activation system. -Steritity. control checks and. positive

control &*says w re included.
The assay was conducted In-che following manner. A 0.1 01

aliquot of the broth culture of tho-toster organism was added to 2 61

of molten top agar which had. bee sIp lwwu tod. woith a trace ofhstdn
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2 ~and biotin. In the non-activation tests, 50 P1~ of the water sample was

added to the molten top agar and subsequently poured over a minimal

medium agar plate. In activation mutagenesis assays, dose response curves

were prepared for each tester strain in the presence of 100, 50, 20, 10,

and 5 P.1 of test water. In these tests 0.4 ml of the microsomal mixture

was added to the top agar after the tester strain and the selected

concentration of the water sample had been added and just before pouring.

t The poured top agar was permitted to solidify before the

plates were incubated. Following an incubation period of approximately
'A 72 houis.. the number of colonies growing on each plate was counted.

'-A Bioassay Test. Onsite aquatic bioassays were cotuducted

at HAAP in a mobile facility housed in a 30-foot aluminum trailer.

The unit was insulated and had air-conditioning to control Laside tempera-

tures, Shelving was positioned along one wall of the trailer to provide

maximum bench area for bioassay test vessels. The trailer was equipped.

with two 100-gallon fiberglass holding tanks for the acclimation Of test

fish,. Additional counter space was *vaiLable for sample preparation and

equipment storage.
Bioassay tests were 96-hour LC50 static acute tests of appro-

priate waste stream influents to, and effluents from the pilot treatment

-plant. ?4ethodolo&es u~tilized adhered to the extent. practicable, to those

described. and recomuended by the U. S, nvro enl rotecion Agency (95

and .the Amarican Sociotyof Testing Materials (D aft port).Faed

Minnows (Pirethalks VV!omelas) war- purchased from tMel-ro hatcheries located.

Lia BlountVille, Tennessee and Anderson's Minnow Farm in* Lonoak, Arkansas.

Test concentrations for the various wastewaters were determined

based on. results obtained from 24-hour'range finding ats. The 96-hour

tests included five vastewater concentrations and one control. Exceptiona.

*were made in 3A and 6A tests whon sufficient test vate-c waif oot available

at the beginning of the test. So~uth rork IHostottRiver water was usodý as 'the

dilutiont media. Scrooning tatt stj .40 iathead minnows showed no mortality
after 120 hours in Holston River wator.. lte rivor. water was also used as the

*control Wattx for each Lost Aoti KE~tc test wds rua in duplicate.

......
M*



Test concentrations were mixed at the trailer site using

volumetric techniques. E~ighteen liters of solution were used in each

5-gallon bottle. Initially aeration was avoided in the test chambers.

However, after several tests in which the dissolved oxygen (D.O.) concen-

tration dropped below the predetermined lower limit of 4.0 mg/i, aeration

was begun to maintain sufficient D.O. levels. Tests conducted without

aeration utilized five (5) initnows in each chamber. When it was decided

to use artificial aeration in the form of aquarium aerator pumps, ten (10)

minnows were used.

Prior to all tests, test organisms had been acclimated to the

dilution water and trailer temperature fluctuations (19'C -23%C

generally) for 4 or more days., The satue temperature range was maintained

in the 5-gallon chambers during the actual tests. Acclimation and testing

wag done under artificial lighting, illuminated 8 hours of every day.

Fish were fed comuercial aquarium. food during acclimation..

Spocimens were not fed. for 48 hours prior to utilization in a bioassay

test*

Disease problems (fin rot. encountered in the holding tanks wore

ureated by adding -camureiAlly obtained f uracin to the holding tanks.. The

incidence of fin rot decreased dramatically after Lh. initiation ofthe

furacin treatments.,
Test organismis were a~dded-to test chamabers in the-orde~r *stab-.

liabetLby a random numbers tabIt.- Each series -of to t chambers was also

p laced. in -random order Prior to -the addition of. the fish. Initial tamp-

erature, dissolvedoxygen ard' conduct ivity readtngs wera, aken and recorded
on test data stwees oraiytmprtranD.. were recorded at

.24-hour intervals 'up to 96-hours or'oivtn. a israiy trsodwerah
Dead specimens were removed when observed. Criteria defining death vas
cessation of all tovement and aack of response Lo Sentle. prodding.

Probit analysis, well suited foc uase in bioassay studies (Sokol

and #Atlf, 1969)4 ime used to fit a liOC to tile percmntago of taortal Lot

acc~mulatad by.-the last day of each ruit in. response: to the difforent. offluent
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conentatins. The purp~ose of the probit analysis was also to derive the LC50
value for each effluent, that is, the concentration of the effluent which

would produce exactly 50 percent mortality. A computer program (IBM, 1970)

was used to calculate the values of a and b in the equation YI - a + bX. X

represents the effluent concentration and Y is the normal deviate of the

proportion of fish dying at thle concentration, with the value of 5.0 added

(to eliminate thle possibility of Y being negative). After a and b are

calculated, the LC.50 value can be easily derived. The proportion of 50

percent mortality corresponds to a normal deviate of 0 and, therefore, a

Y value of 5, so LC5 is simply thle X for which a + bX =5. That is,

LCso (5-0)/b.- A 95 percent coniidernce interval was also computed for

each LIC5 value (Bliss. 1952).

Each probit analyses was run twice, once with the.X values

untransformed and once witit the X values transformed by logarithms. The

chi.;quare "lgoodness-wof-f it"l test for Ohw agreement of the predicted line

with thle actual data showed that tile tittransformed data resulted in a
bete ft.Howevr insm aayvs h predicted responses differed

significantly from the actual responses at- -the 95 percent level. regard-.

loss of whethcr* or'-not the voncontratiwon woro log-transformed. Such-

cases were noted. a4 A the coofficion-ts of the equation& were always
reported for the' lines fit~ted to the untrans.formed cancentrations.4

Separate prob it ansil'rsis woro run on the data from ~each of-the

replicate rons. 1vin addition, probit Analyses. were performed on the data
obtainod by' poitling eacit pair of repliciates in otdor 0o "Cloth 60t irr.*

ularaiain due to random differences betwoen-tho replicato;. The.

Pooling was doneo by suiting -tho amrtalitieS at aech, concentration r

thle two toolleatas, and by voi~utlngtepooto of deaths-'-usntwc

th@ aumber of fish per tank.
The upper -and lowe r Ilimits of the 95-porcent confidence interval.

for each UOvalue were calcola"ed ater using a t statistic to. deteimine:

whether ort -thle slope of th# probt -ntequation. lIUe was signif itantly

different frm- -rwro.- If the slope was not Significant, a true 95 percent
confidence interval cou'ld not he calculated.. A spocial note wAs made of
the- probit isnakses* which producced some a rees&lt, and A substitute "Conts

4knco itk rvall wai. dotorminod a* follows. the -lower: Imsit v'as -taken
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to be the highest effluent concentration at which no mortality occurred,

and the tipper limit was taken to be the lowest effluent concentration in

which 100 percent mortality occurred.

Also, for some bioassay tests at the responses at the lower

concentrations were zero m:,rtality, and all the responses at the next higher

concentrations were 100 percent mortality. In such an "all-or-nothing"

situation, no actual probit analysis could be performed, so there was no

regression line from which an LC50 value could be calculated. In these

cases the LC5 0 was taken to be the average of Lhe two consecutive concen-

trations between which there was a jump from zero to 100 percent mortality.

These two concentrations were also reported as the lower and upper

limits of a "substitute confidence interval", reported in place of a

95 percent confidence interval for the LC5 0 value.

A number of probit analyses produced 95 percent confidence

intervals for which the limits were less than zero or greater than 100.

When this occurred, the actual calculated values for the limits were not

reported, siace concentrations outside the range of zero to 100 percent

are not meaningful.

Munitions Constituent Comparisons

iiattelle's Columbus Laboratories and iAAP data for MVIX, RDX,

TNT and COD were compared. Fot each of these parameters, a paired Ttest

using a two-tailed test of significance was performed to determine whether

the data from the two laboratories varied in a consistent way. The HMX

values from Battelie proved to be higher than ýhose from Hiolston by an

average of 0.6 ppm, which had a significance level of 99.5 percent. No

other parameters showed significant differences, and Ratte)le's data were

used in subsequent statistical analyses using thes" parameters.

Correlation Coefficient.

Pearson's "r" correlation coefficients and their associated sig-

nificance levels were computed on all possible paired combinations of muni-

tions and water quality paratmeters (excluding INT since it was not

~ ~f
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detected in any of the samples). All munitions and water quality param-

eters except pit showed a considerable amount of positive skewness, so all

data except pH were transformed by taking loglo (X+l) before computing the

correlation coefficients. This transformation succeeded in bringing the

skewness coefficients; for all parameters closer to zero. This step was

taken to prevent the occurrence of misleadingly high correlation coeffi-

cients which can result from a very small number of outlying points.

Pearson's "r" coefficients were also computed to correlate each

munition and water quality parameter with the LC50 values resulting from

the probit analyses which were performed on pooled replicates of bioassay

tests. To prepare the data for these correlations, the LC50 value from

each bioassay was matched with the water chemistry analysis on the effluent

used in that particular bioassay. (LC50 values that were well over

100 percent were excluded from the calculations.) All the LC50 values

were then transformed by logarithms in the same manner as were the

water quality parameters. Again, this was done to reduce skewness

since the actual, calculated LC50 values ranged over two orders of

magnitude.

RESULTS AND DISCUSSION

Test Water Analysis

Battelle'sa Munitions Constituent and COD Analysis

All of the water samples examined in this study contained

less than 6.0 pprA of all the munitions selected for determination. In

fact, ThT never occur4 ed above the detection limit of 0.05 ppm in any

of ehe samples examined. From the limited number of samples examined,

Area A and A+B wastes appear to be characterized by generally higher

levels (-0.1 to -5.0 ppm) of IMX and RDK as compared with the treated

3A and 6A wastes. The treatment wistes generally ranged from < 0.05 to

0.7 ppm with the notable exceptions of M concentrations in 6A samples
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on June 12 and June 22, and in 3A samples on June 15 and June 23 (see Table 4).

Munitions waste concentrations were too low to be useful in any estimate

of removal efficiency.

A sample of the 6A effluent (June 25) was spiked in the field

with - 10 ppm RDX prior to the bioassay test. Subsequent HPLC analysis

of samples of this test solution and one taken at completion of the

bioassay gave results which were considerably lower than 10 ppm (see Table 4).

The inconsistency between the spiked RDX concentration and that determined

by HPLC analysis may be a result of the known thermal and photolytic

degradation of this munition. This degradation process is perhaps evidenced

by the increase in the concentration of a suspected degradation product in

the spiked sample as observed when the chromatogram of the spiked and corres-

ponding unspiked samples are compared in Figures 2a and 2b. For reference purposes

Figure 2c presents a chromatogram of Holston River water as a control and

Figure 2d a chromatogram of a standard mixture of the known munitions to

illustrate each compound's retention time. The occurrence of higher HMX

concentrations in the samples spiked with RDX than in the unspiked samples

was observed (see Table 4) and may be a result of contamination of the

RDX added to the spiked sample with traces of IDIX. COD values varied

over a wide range, being generally an order of magnitude higher in the

Area B and A+B samples than the -•0-100 ppm range observed in the waste

treatment effluents (3A and WA). Values of several thoucand ppm were

determined in some Area A waste samples.

The authenticity of the peaks appearing at the retention time

corresponding to that of known munitions may be verifted by collecting the

LC fraction and analyzing this fraction by mass spectrometry. This veri-

fication was done for the IIMX peaks appearing in the chromatograms of Area

A waste samples. The LC fractions corresponding to the HNX peak were col-

lected, extracted with ethyl acetate, and analyzed by direct probe chemical

ionization mass spectrometry (CI-MS) using isobutane as the reagent gas.

The results of this antalysis were compared with those obtained with authentic

samples of IMHX in ethyl acetate and were found to be identical. However,

neither sample duplicated the fragmentation patterns obtained under similar

conditions with pure, solid IIXX, and reported in the Literature (Yinoa, 1974).
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When we examined crystalline HMX (which had not been dissolved in ethyl

acetate) the mass spectral fragmentation patterns produced were in agreement

with the literature data (see Figure 3). Further work is required to clarify

these results (e.g., spectral matching using electron impact mass spectrom-

etry combined with laboratory studies concerning the re.>.tivity of HMX under

controlled conditions). In any case it appears that the same material is

present in both the HPLC fraction and the solution o. known HMX, and the

accuracy of the LC identification is verified.

Additional varification of the authenticity of the HMX and RDX

peaks was accomplished during an examination of these fractions collectci

from 6A, effluent June 29, 1976 (see Appendix A). A CI-MS analysis of the

ethyl acetate extract of these LC fractions was performed using CH4-NH3

as the reagent gas. In this examination matching spectral patterns were

obtained for the HMX fraction and known HMX, and for the RDX fraction and

known RDX. In addition, these patterns matched those reported by

Yinon, (1974), although obtained under somewhat different conditions. The

HMX fraction in 6A, June 29, corresponds in retention time to the

peak identified as HMX in the Area A samples.

During the initial analysis of the HAAP samples, conducted

during August, 1976, several materials other than the munitions were

consistently observed in the water samples submitted for analysis, and

the levels of two-of these materials appeared to coincide with the levels

of intact munitions observed. It was therefore considered important to

characterize these materials.

The two materials of concern are illustrated in the chromatograms

presented in Appendix A, Figure A-la, by the peaks with retention times

of 2.8 and 4.6 min, which appear very close to the peaks corresponding

to H4X and RIDX, respectively. Upon examining the chromatograms of several

water samples containing varying concentrations of IM and RDX, the levels

of these two unidentified constituents appeared to rise and fall with the

amount of HMX and RUX as illustrated in Figures A-la and A-lb, indicating

a relationship between the presence of the intact munition and these

unknown materials. However, in October, 1976, (some 3.5 months later)

the sme water sample described above was re-examined by HLC, and a
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different chromatogram was obtained. As shown in comparing Figures A-la

and A-ic, the peak at 4.6 min was no longer observed and the relative

intensities of several of the remaining peaks had changed substantially.

However, no new peaks were observei in these latest chromatograms and

the concentrations of HMX and RDX remained essentially unchanged. Several

of these water samples were examined, all giving the same result. Although

the water samples were stored at - constant 4VC in amber glass bottles

and optimized analytical procedures were used duplicating those employed

in the previous analysis, identical chromatograms were not achieved

after a period of 3.5 months. A more careful examination using a modified

HPLC procedure revealed the presence of a very small peak which eluted

just prior to RDX and which appeared to be the remains of the peak occurring

at 4.9 min in Figure A-ia.

Although these samples had obviously undergone some significant

change with time, an attempt was made to characterize what appeared to

remain of the materials of interest. The 6A water sample from

June 29, 1976 was chose.,t as the sample for examination because of

its initially obser-,ed high levels of UHX, RDX, and the two constituents

with retention times of 2.8 and 4.9 min (see Figure A-Ic). A chromatogram

of the ethyl acetate extract of this sample is shown in Figure A-Is.

The A, B, C, and D fractions which were collected correspond to the

aforementioned materials, respectively.

Mass spectral (MS) and nuclear magnetic resonance (14R) analysis

of these fractions were conducted and the results are shown in Figures A-3

and A-4 in the Appendix. Onli Fractions S, C, and D contained sufficient

material to pemit these analyses. The MS analysis of Fractions C and D

gave identical results, implying that Fraction C overlapped with the

highly concentrated RDX Fraction D and therefore contained primarily 3M

also. However, in each case anomaloua peaks were observed in the range

m/e 270 to 300 which were not observed with crystalline RM (Figure A-3e).

These peaks may be duo to some contaminant arising from the isolation

procedure. However, when examined by t44Rt, Fraction C is seen to contain

primarily a material which is not RDX. Both crystalline RDX and Fraction C

contain a CCI 4 -aoluble species which gives a spectrum very different from

Iii
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that of RDX. This material may be some structurally unsymuetrical

isomeric form of RDX present as a degradation product or a by-product

of RDX manufacture. Such a material might yield an identical mass

spectral fragmentation pattern as RDX, but the NMR spectrum would be

substantially different from the singlet observed for RDX if this material

does not possess the same high degree of symmetry as RDX. Substantiating

evidence in this regard might be obtained by similarly examining the NMR

spectrum of Fraction D for the presence of these multiplets. However,

because there is some question as to the integrity of these water samples,

a rigorous characterization and interpretation of these collected fractions

does not seem warranted. The primary thermal and photolytic decomposition

products of HMC and RDX are H20 and CH20 which would not be detected by

the HPLC method employed in this study. Such a decomposition scheme

might explain the apparent change observed in these water samples with

time, if the constituents of interest are but a part of a series of

intermediates in the H0X and RDX degradation process. Hence, the materials

collected and examined in the present study may not be the same as those

originally observed in these samples.

Few conclusions can be drawn at this time as to the nature of

these constituents of the HAMP water sample. Fresh samples should

be collected and the nature and levels of the unidentified constituents

examined as a function of munitions concentration and time. By combining

,this study with a controlled study of the thermal, biological, and photo-

lytic degradation of H4X and RDX and an assessment of likely by-products

in the manufacturing process,.a more complete picture of the environmental

fate of these munitions and their manufacturing waste stream may be

obtained.

Bioassay , fluent fater Qualty.

Water quality parameters were oeasured on effluent test Water

by l•MP chemists in the plant laboratory. Table 5 presents the results

of these analyses and the BCL munitions constituent and COD data. Waste



28

(A o C4 N Go 0 CO 03 J5' 0 '%0'N O e N 0D r4O 'DN

44= ' vt '. 0 1.- 0 0 4 c -' 0

4 ý .- 4 O .- 4 M

-6 i~ 0~ co 0 0 4A4'(n4J" OflIIIOII 111 II IIII

4-
NO.0 00-00

l-6

40"'40 (' I N sN £4°•° "44I4~00 oooo v%1 It co-4 4c'd~* as-4eli

S * jS. . . . . . . . V

00 P

.,'.,0, 'N... ,.-O,., * N' o " O.A d,- ,,%o'CM@

1- co- C) 10

N0.'~~~~~0
4 4 W4'~ ih~ ~ @4 0

" I S 4 . . S

S,.o ,to a

4% %D %MN./ 6'.44 I~' 419G 'a 44 a 0

44 4 C., fl0

0"-.' - . -• .:- =

B-s .•.- -

IR

,H, ,I .I4",• ,,C ' % Nt)•l ,• ,A

-. f.44 4f

u .o. ,,t svtS 
..,



29

waters from both Area A and Area B were high in COD, BOD, NH3-H, TKN,

P04 , nitrates, nitrites, and solids. The Area A wastewater was also low

in pit and D.O. with values being approximately 3.5 and 0.0 respectively.

Area B effluent water had pH values near 7.0 and quite low D.O. values.

Values for M4X and RDX in the wastewaters were consistently

higher in the Area A wastes than in the Area B. Test water concentrations

of H4X in Area A wastes ranged from 1.11 to 5.40 while Area B water

had lower values ranging from <0.1 to 1.85. RDX values, while more similar

in concentration between the two area effluents than were HMX levels,

were still usually higher in the Area A waste. This was a reversal of

what was expected as Area B was the explosive manufacturing area.

Biologically treated A+E wastewater (3A and 6A effluents) had

generally lower values of munitions constituents, COD, BOD, ammonia,

nitrite, phosphate, and TW±. pH values in effluents 3A and 6A ranged

between 7.2 and 8.8. Dissolved oxygen values were still usually quite

low in both treatment plant effluents. Total solids levels in tbe 3A and

6A effluents were similar to the combined A+B wastewater.

Water quality Correlation#

Table 6 displays the internal correlation coefficients among
munitions and water quality parameters. (The 1.00's aloms the diagonal

of the matrix are displaye,, for visual balance in the table, even though

these values are redundant because every variable has a correlatiot of

1.00 with itself.) The results reveal a subset of ten variableoi which

are all strongly correlated with one another. Theano variables are IM

COD, 300 (filtered), S0D, po, W13, total Kjeldahl No, ?4, N02, &nd total

solids. These variables are all positively correlated with each other

S(except pU). On the other hand, pH was negatively correlated with all

other variables, since high values of pit teided to be associated with low

values of all the other variables, and vice versa.

Suspended solids, settleable solids, and D.O. were not signifi-

cantly correlated with any other variables. This may have resulted from

I1
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the fact that motre data were missing for each of these three variables than

for any other parameters. RDX was not significantly correlated with any

other parameter except total solids.

Bioassay Tests

LC5 o Values

Table 7 presents the results of probit analyses performed on the

bioassay test data. As expected, the LC5o0 value for each set of pooled

replicates is numerically close to the average of the two LC 0 values for

the separate replicates.

Since low LC50 values indicate high levels of toxicity1 Table 7

shows that the composited effluent from Area A is the most toxic of the

effluents at IMAAP. All the runs using Area A wate- resulted in LC5 0 values

on .bhe order of 1 percent concentration, with a fairly small amount of

sample variation. The effluent from Area B was considerably less toxic

but its LC50 values showed a wide degree of sale variation ranging from

6.2 percent to 43.8 percent. (One LC50 value for Area B an June 17 was

calculated to be 79.4 percent; this was much higher than 32 percent., the

highest concentration actually tested, so it cannot be considered valid.)

The combined Area A and Area B (A*B) wastewater was intermediatoe ini

toxicity between the separate Area A and Area. B. with LC50 values raning

from 1.43 percent to 14.0 percent.

Virtually no toxic effects were observed in about half of the

bloassays uting treatment plant effluents 3A and 6A. Toxicity could aot

be quantified in the form of an LCs 0 value when less thn half of the

fish died in each of the different concentrationt. For some of the bioasays

io which this occurred, there was a mall increase in the numbers of

deaths as the concentration increased, but -in many cases there were no

deaths even at the 100 percent concentration. The probit analyses performed

an such data yielded LCS5 values greatur than 100 percent; in thos. tas$s

the number of wortatiets occurring at 100 perci.t etre reported in the

table rather than the LC0 value.

4s
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TABLE 7. RESULTS OF PROBIT A

Repltcate I
Footnotes

96 Hr bounds of 95% Pertaining 96
Effluent, Date Intercept Slope LC50 Confidence Inter-.al to Analysis Intercept Slope LC

A 6/2 4.0t, 1.282 0.75 0.00, 3.20 -- -- O
A 6/7 - - 0.78 0.56, 1.00 b - - 0.

A 6/11 2.59 1.635 1.48 0.56. 3.20 c 1.38 4.146 0.
A 6115 3.64 1.007 1.35 0.73, 1.98 3.94 1.172 0.

A 6/19 3.75 2.143 0.58 0.29, 0.88 d 3.54 2.581 0.

3 6/2 3.59 0.071 19.9 7.77, 32.0 2.06 0.103 28.
3 6/7 2.51 0.097 25.7 13.5 . 38.0 3.10 0.043 43.

8 6/17 4.23 0.010 >32.0 - - a 4.69 0.008 (36.

1 6/23 3.54 0.237 6.17 3.28, 9.06 3.84 0.114 10.

A+1 6/2 - - 14.0 10.0, 18.0 b 1.07 0.314 12.

A+1 6/7 4.16 0.588 1.43 0.00, 10.0 a 3.97 0.376 2.

MAI 6/14 3.72 0.123 10.4 6.33, 14.5 4.13 0.102 S.:

rri
3 6/4 -none dead) . .. -

D (sont 1C
3A 6/9 3.20 0.023 78.7 49.7 * (N100.) 3.08 0.021 92.1

•og 3A 6/12 - -- non. deadI -. ... pa.
(,t 100% t It to

3A 6/15 3.82 0.015 80.8, 9.81, (>100.) d 4.04 0.026 36.
3. 6/20 - - 69.0 78.0 '100. % - "- 0

0 6 6/3 -- -- i dead) - - 3.35 0.018 89.5["'t" (at 100% 1

(6 GA 6/10 0.34 0.066 70.9 61.2 , 80.6 3.91 0.014 78.8
6A 6112 1.30 0.089 41.5 32.5 , 50,5 4,01 0.023 16.2
LA 6/19 - - dead dd - V A "d

•7t*10M ) %t :00!
""G 6/22 - - /none dead\ - .o- di

(rot 100% / at 10,
6A 6/25 -" - none dead P i..... • , d

6A4KDX 6/25 2.84 0.010 71.4 51,9 90,112.O) 0.

(i) Intercept a anld slope e b itt the O prObit tqi.tion Y - a 4 b.

(b) I'roblt anslyati could no' t' rf'|olpil l all |0xpeet. '6to ,li)ot ti Wtttalll (41,4L ee.thwas ).

(c) slope vlti not 61gattt (tt.*tt t 4& tfur ct,.:rift'nce i+terval 4o0,lj not Ur C0.1A+I:uf d (.tt.ee et?,t).

(d) CoStdt|lens-oi-lit tcot rejit tst the tilted valurs at the 9W'. 6'ltlltct;tce levol.

(e) 1110 colculatti tX50 ý81 ,e tn 1.rsateg thati 1'. (the hlM1%eti €v. -'.tialtln *jttt)* aie, at tir, 6l .AllwIl ..{

(I) like calcoAtj L4t 0 valoe Is *11.tlty itetler thai 100H.I

.



T A PiROBIT ANALYSES ON HMAP BIOASSAY DATA (a

Repliate 2Replicates I & 2 ?ooled
96 oo tno tes Footnotes

9696 Hr Rounds of 95!% Pertaining 96 Hr bounds of 95'. Pertainin;
lC0~ ope LC50  Confidence Interval to Analysis Intercept Slope LC50  Cniec rtra oAayi

0.5 - 0.55 0.10. 1.00 b 3.55 2,323 0.62 0.31, 0.93

-.W 0.78 0.56, 1.00 b - - 0.78 0.56, 1.00 b

0.87- .146 0.87 0.68. 1.06 1.23 3.770 1.00 0.83, 1.17

0.90, 1.172 0.90 0.33, 1.47 3.82 1.051 1.13 0.74, 1.51

0.5?, 158i 0.57 0.36. 0.78 3.65 2.350 0.58 0.39. 0.764

28.6 0103 28.6 10.0 , 56.0 C 3.18 0.07$ 24.4 17.3 . 31.5

43.8 0043 43.8 23.5 , 64.2 3.07 0.055 34.8 24*.3 , 44.3
(36.7). .008 (36.7) - - a4.48 0.009 >32.0 - -

10.1 .114 10.1 5.87, 14.3 3.79 0.145 8.33 3.90, 10.8

12.1 .324 12.1 1.00, 18.0 a0.37 0.360 12.9 4.49, 21.2

2.731437 2.73 0.00, 10.0 C 4.11 0.407 2.18 0.00, 10.0

8.4 102 8.34 S.92, 12.8 3.95 0.111 9.40 6.51, 12.3

*de - (out dead)- - (Iwn. dead, - -
100% a100170

92.2 .021 92.2 (<0.4), (>100.) d 3.15 0.022 85.2 48.9*(>0.

'1 e1 dead) - -20 dead) - -

36.7' $026 36.7' 19.6 3. 3.95 0.019 55.1 40.2 , 70.1 d

to does. /10 d~ead -too.0 0,028 100. 63.0 , (,100.) d,f1007 Cat~ 100
895 09. 5 5(.0,(1.)3.19 0.015 100. 16.4 ,(o100.)f

= .01 78.5 (4.0), Woo0.) d 3.36 0.023 70.4 56.4 $ 4.4 d
16.2 .023 16J? (4.0), ('100.) d3.56 0.039 29.1 18.? 39.9) d
In doll 1/10 d~ad~ - -1 120 deadI - -:00% C 1007. 't 10W4

C lea I(mloo tat~- - 1w %da1

tt des ea dt~ eda4 M nee Ot. I

I~ 4 7 .S9 O.M3 69.6 s8.? ,1.
.040 61 21 7.

BEST AVAILABLE COPY

. . . *. ro .ýý .. x.N-4•m ý ,
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With few exceptions, the degree of toxicity of the effluents

from 3A and 6A ranged from relatively low (with high LC5 0 values of

70 percent or greater) to nonexistent (with no deaths at the 100 percent

concentration). The exceptions included one replicate using effluent

3A having a low LC5 0 of 36.7 percent and two replicates using effluent

6A from the same day, having LC5 0 values of 41.5 percent and 16.5 percent.

Probit Curves

Figure 4 provides a visual summary of the relationships between

fish mortality and effluent concentration. The individual points in the

graph were obtained by pooling all data from separate tests of each effluent.

Specifically, for each effluent, the percent mortality at a given concen-

tration was calculated by dividing the total number of deaths by the total

number of fish tested at that concentration (after standardizing the number

of fish per tank t. ten so that each test would receive equal weight).

After applying this pooling procedure, the new data points obtained were

used in probit analyses to determine the five probit curves corresponding

to the five different effluents.

The high toxicity level of effluent A is indicated in Figure 4

by its probit curve, which increases sharply to 100 percent mortality at

2.3 percent effluent concentration. Effluent B was less toxic; its probit

* icurve shows a more gradual increase to the 100 percent mortality mark.

The mixture of A and B effluents (A+B) was intermediate in toxicity

between the individual A and B effluents; its probit curve lies between

* ithe individual A and B effluent curves.

The relatively low toxicity levels of effluents 3A and 6A are

indicated by the very gradual increases of these two probit curves, which

Figure 4 showa to be almost identical. (The data for effluent 6A was

'pooled after omitting the duplicate runs spiked with RDX,) From the points

at which the curves intersect the right vertical axis. it can be seen

* that an average of 40 to 45 percent mortality resulted from 100 percent

concencratoio of either pilot plant effluent.
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'T'he points on the left vertical axis represent the test results

from the zero concentrations, or controls. From the individual data points

(actual mortalities) as well as the intersection points between the

probit curves and the left vertical axis (predicted mortalities), it

appears that the natural mortality was about 10 percent in the controls.

Correlations Between LC 5 0 Values

and Water Quality Data

Table 8 displays the correlation coefficients between LC5 0 values

from the bioassay tests and the water chemistry data. A majority of the

water quality parameters, notably tHMX, showed significant negative

correlations with the LCso values. Since a negative correlation means

the same thing as an inverse relationship, this shows that high concen'trations

* of WIX are associated with low LC5 0 values and vice versa. The pH levels,

on the other hand, were positively correlated with the LC50 values,

indicating the low pH levels are also associated with low LC50 values.

Low f1.50 values themselves represent increased mortality rates

due to increased toxicity. Therefore, Table 8 shows that toxic effects

are associated with high levels of IWX, COD, BOD, and so on. A similar

inference could not be derived for RDX because the LC0 values were not

significantly correlated with RDX levels.

The 1X5 0 values were not significantly correlated with suspended

solids, settleable solids, or D.O., but this may be due to the large

numbers of missing data points for these three variables.

Mut•aenic Screooniq

The Ames bacterial mutagenestis assay is extremely simple yet

highly efficient in detecting mutagenic compounds. It has been shown to

facilitate detection of nanogram quantities of some pure compounds. To

be used as a routine screening proeod.re for envirotw~ntal specimens.

its efficacy is predicated on the basis that a mutagen is either present

in extremely high concentration or the compound must have extremely high

mutagenic capabilities.

•4kg ---I,'&-,,-"N.|4r I]-
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TABLE 8. SIGNIFICANT CORRELATION COEFFICIENTS OF
MUNITIONS AND WATER QUALITY PARA17ETERS
WITn LC VALUES FROM BIOLSSAYS a)

Correlation of Parameters
Parameter with LC Values

11MX -. 73
RI)X
COD-.9
BOD- fltered -. 71

60D -. 86
p1l +. 79
N113 -. 81
Total Kjeodahl N. -. 80
D.O.
P04  -. 78

• NO3  - ..-

N02 -. 78
Suspended solids --

Setteable solids - --
Total solids -. 75

(a) All correlation coefficients given are signi
fleant at the 99 percent level or treater.
Bashes are given in place of correlations not
significant at the 95 percent level.

O&kI.

I•
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The mechanism by which tle mUtagen is detected is by the reverse

mutatiton of the ct, 1l to prototroph on Lhe wild form. Thi, wild form is

no longer histidine dependent. However, each of the staiins used in

these investigations has a constant rate of spontaneous reversion. Since

the tester strains spontaneously revert, test materials which are only

very slightly mutagenic must have a reversion rate sufficiently greater

than the spontaneous rate in order to be detected.

The results of the mutagenic bioassay analysis of the wastewater

samples are shown in Table 9. The data presented in this table is the

relative mutagenicity of the sample analyzed. It is felt that the relative

mutagenicity far more easily facilitates detection of mutagens than

tables of numbers of revertants per plate. Accerding to this index, a

value of 1.0 translates into no mutagenic acti :ty. 'ýhe numbers of

mutants on this plate is equal in number to the number of spontaneous

revertants of the tester strain when not exposed to a mutagenic environment.

Thus the greater the value of the ntumber beyond I, the greater the

possibility of mutagenic activity. Index values of 2.0 to 3.0 and perhaps

slightly higher are best accountable to chance variation and htuman error,

although weak mutagenic activity cannot -be overlooked. Values approaching

10.0 and higher are more clearly indi,%bktive of activity. It is not

possible to establish exact confidenre limits from data of this type.

Additional testing must be done boto'v rigorous data evaluations can be

made.

Inspection of the relative .-otit-enic activity of the water

samples shows that no definite mottoatis were detected. One of the tester

strains indicated a slight suggestion of the presence of a possible

mutagon in Sample 6 (6A efiluent coll%',cted on June 22, 1976). However,

the degree to which th, response lndli'.ate4 the possible presence of the

mutagen was marginal and wre ettributld to experimental variability.

The positive :oitrol data ts presknted In Table 10. The data

presented shows that the .ester iAtrainx were capable of detecting the

presence os.-ubstances wich wre mttens in their own right as well

as those *uiestancea whi,;h required microsowal activation (or mutagenesis.

I ",Q1I
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TABLE 9. RI'VrVE MUTAGENIC ACTIVITIES OF WATER SAMPLLS IN SALMONELLA
STRAINS TESTED) UND,) IK NON-ACTIVATION AND ACTIVATION CONDITIONS.

N ol i 41 Activntion

Nu1.b.2r(a) 'L:;It 1.00 1 .00 I.0) 1 .00 1.00 1.00 1.00 1.00 1.00 1.00

1.5 .6b 0.62 0.090 0.86 0.72
10 0.77 0.38 0.60 1.06 0.9"5
20 0.44 0.62 0.60 0.95 0.8$

50 0.66 1.50 1.07 1.17 1.55 0.(66 0.92 0.60 1.24 1.22
100 0.55 0.52 0.45 0.77 1.27

2 5 0.S5 0.76 1.15 0.84 0.6S
0.61 0.76 1.75 0.80 0.57

20 0. n, 0.38 1.45 0.95 0.0'"
so 0.94 0.80 0.53 0.79 1.12 1.05 0.77 0.90 0.73 0.82

I00 0.61 0.20 1.0 O. 0.,9?. 0.67

3 5 0.03 0.53 1.00 0.73 0.79
10 0.61 1.00 1.30 0.82 0.79

-70 0.72 (.53 0.80 0.88 0, F8
50 0.7? 1.00 0.84t 0.65 1.36 1.05 0.53 0.80 0.7ý 0.74

100 1.16 0.61 0.95 0.77 0.85

4 1.00 1.07 1.00 0.75 0.01
10 0,66 0.18 1.50 0.4i6 0.70
20 0.55 0.34 0.85 0.80 0. 7#
S50 0.tU 1.?S 1.2.1 0.96 0.94 1.11 0.61 0.55 1.17 0.79

S1OO 0.72 0.38 1.25 0.55 . 84

5 0.83 0.71% 1.0s 0.82 1.20
10 1.61 0.76 C.75 0.93 1.22
20 1.11 0.92 0.60 0.86 1.79
so 0.8ti 2.25 1t.0 1.411 1.0' 0.55 0.76 0.85 0.75 1.40

101) 1.12 0.61 0.95 0.71 1.)7
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TABLE 9. (Continued)

Nocn-Activation Activation

Sample l of 1535 1537 15383 98 100 1535 1537 1538 98 100
Number() sample 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

6 5 0.76 1.33 1.85 1.03 0.78
10 0.58 1.67 1.53 0.89 1.0?
50 0.69 0.44 1.13 1.15 0.70 0.53 0.83 1.77 1.13 1.00

100 0.47 1.50 2.07 1.03 1.02

7 5 0.82 1.33 1.15 1.07 1.38

10 0.52 0.83 1.23 0.62 0.77
50 0.77 0.33 1.00 1.00 0.67 0.41 0.,50 0.76 1.0- 0.96

100 0.71 1.50 0.92 0.93 1.05

s(a) mplo I - Area A - June 2, 1976
Sample 2 - Area 5 - Juno 2, 1976
Samplu 3 - Area A + Area H - June 2, 1976
Sample 4 - Ff fluotn 3A - Juno 3, 1976
Sample 5 - Uthw•tt 6A - June 3, 1976
Samplo 6 - RfEluciLt 6A - June 22, 1976
Sample 7 - ELLLut't 6A (Spiked) - Juno 25, 1976
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TABLE 10. MUTAGENIC ACTIVITY OF POSITIVE CONTROL COMPOUNDS IN SAUIMONELLA TESTER

STRAINS TESTED IN ACTIVATION AND NON-ACTIVATION CONDITIONS

Non-Activation Activation

TA 1535
Sodium Azide (1mg~m1) 2 Aminoatkthracine (lmglml)

100O11 1836 100 41 24
50 ýt 1455 50 41 49
20 PI1 1469 20 111 357
10 41 1326 10 p.1 614
5 pil 1133 5 g 1 370
1 141 560 1 41 83
0 ýL 18 0 41 18

LA 1537
Quinacrine HiC1 (2mglml) 2 Aminoanthracine (Imgluil)

100 kk1 468 100 WLi lit
50 o1 32 50 41 114
20 11 9 20 VI 706
10OýL 12 1041 604
5 pI 5 5 A1 182
I1ol 3 1 Ll 42
0 41 4 0O11 13

TA 1538
2 Nitrofluorino (1mg1m1) 2 AMinoanthracine (1Imslml)

100 gill 2138 1009)1 1072
50 ol 1924 50 1kt 1637
20 ol 2816 2041 2470
10 ot 1054 100t 2378
5 VI 624 5 Iq 2004
I ol 424 141 435
Out 13 .0 ý1 20

2 tNitrofluarine (belngal) 2 Mtinosathratine (1g11a)
10' 494 100 gal 1983

5Al1 749 5 Pl 1557
lotl 335 1 $& 661
0o~l 29 0 It 45

TA .0 2 Nitrotluorine (lingual) 2 A'mtnoanthraeLne (1.glml)

100 al 1596 100 at 2834
SO pl 1505 50 ul 2620
20 o 1 1450 20 ul. 2864
10 $4 1154 10 pi 26944 oIl 904 5 41 953
101 ~ 214 1I~ 394
OILI 110 0O&t 170

'k .
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The negative control data on sterility confirmations are not shown. No

bacterial contamination was found in the filtered water samples assayed.

Likewise, the microsomal activation mix was free of contaminating organisms,

SUMMARY AND CONCLUSIONS

The analyses of the five influent and effluent waters of the HAAP pilot

treatment plant showed the concentrations of all munitions determined

to be less than 6.0 ppm. TreaLment wastewater munitions concentrations

ranged generally between <0.05 to 0.7 ppm. (Notable exceptions were

HMX levels in the 6A effluent of 2.1 ppm and in the 3A effluent of

2.07 ppm.)

Untreated wastewaters were characteriAed by high levels of

COD, BOD (filtered and unfiltered) NH3 -H, TON, P04 , nitrate, nitrite,

and solids and low dissolved oxygen concentrations. Area A wastewater

had a low pH; Area B wastewater was nWtr 7,0 in pH. Treated wastewaters

were generally lower in all parameLerv except pH which ranged between

7.2 and 8.8. Dissolved oxygen levels rtmained low.
Th" coraelarions presented in Table 6 established a group of

munitions cottstituents and wator quality parameters which varied together:

IMX, chemical and biological oxygen demand, various forms of nitrogen

(NH3, total Kjoldahl nitrogen, and NO2), phosphates and total solids.

The raw data in Table 5 reflects this clearly: high values of oil these

parameters were found in the Area A effluent samples, low values ware

found in the 3A and 6A treabeont samples, and intermediate values were

found in the Area B and the combined areas A and B effluent samples.

Table 8 shows that high toxicity levels are strongly associated vith

these smue munitions and water quast ity variables.

The 3A and 6A treatment effluents appeared to be almost identical

both in terms of their chemical analyses and their bioassay test responses.

The calculated LC 5 0's for treated water's 3A and 6A were both greater than

100 percent; the expected mortalities at the 100 percent concentration

of each effluent were 40 percent and 43 percent, respectivtely.

It is notable chat RIn was not significantly correlated with

"any water quality parameters (except total solids) nor with toxicity levels.

"I.
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The most consistently high toxicity levels resulted from the Area A

effluent, which had RDX concentrations ranging from .43 to 1.90 jpom; yet

a substantially lower toxicity level resulted from the 6A effluent spiked

with RDX, which had a higher RDX concentration of 5.17 ppm. Also, the

LC50 values resulting from the 6A effluent tests spiked with RDX were

about the same as, or even lower than, those resulting from some of the

unspiked 6A effluent tests (none of which contained detectable concentrations

of RDX). These findings indicate that RDX levels were not high enough

in any of the effluent samples to cause clearcut increases in fish mortality.

A possible synergistic effect from the presence of several compounds may

have occurred in the wastewater.

The multiple internal correlations among the munitions constituents

and water quality parameters make it difficult to determine exactly

which factors were responsible for the extreme toxicity of the Area A

effluent. Fish mortalities may have been caused by the high leve'.3 of

each of several parameters (for example NHi concentrations were reported

within ranges shown to be toxic to fish (Becker and Thatcher, 1973]) or

* by the interaction effects resulting from the combination of them.

Also, the pH1 may have been low enough to increase the effects t' these

factors. The pil of the undiluted Area A effluent samples was about 3.5..

Assuming that the Holston River water had a pH of 7, these values can be

converted to percent hydrogen ion concentrations and combined in a weighted

average to give an estimate of the pH of the solutions used in the bio-

assay tests. For instance., the pit of the I percent solution o Area A

effluent would have been about 5.5, according to these calculations.)

In general, significant Pearson's correlations among variables

indicate a strong degree of. associat•o but-cannot in themselvts be used

to establish cause-and-effect relationships. Therefore, another statistical

technique was used in an.e•ffort to determina whether the presence of the

munitions compounds had an effect on toxicity levels separate from the

effects of other potentially causativw factors. Partial correlatiWn:

coefficients wore calculated between the Wso values and the muritiew'

compounds by controlling each of these other factors. A partial' i4% dltion

coefficient is similar to an ordinary Pearson's r correlation,,,x•.i-t that

it controls, or holds constant, a third variable. This me hod of
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correlation is appropriate when it is believed that the third variable

is somehow interfering with the Pearson's correlation between the first

two variables, by either creating a "spurious" correlation where none

actually exists, or by masking a true relationship which does exist.

Table 11 presents partial correlation coefficients of LC5 O

values with ItX and RDX, computed by controlling each of four variables

separately: COD, BOD, NI3, and total KJeldahl nitrogen. (LC50

values over 100 percent were omitted from the calculations.) All the

partial correlations between IMX and LCSO were significant indicating

that HMX does have an influence upon toxicity levels separate from the

effects of COD, BOD, and so on. RDX and the LCS0 values were not

significantly correlated when the controlled variable was either COD

or BOD; significant correlation occurred when either NH3 or TKN was

controlled. 11%is latter correlation indicates that RDX may have been

found to be significantly related to toxicity levels if the various forms

of nitrogen had been at a fixed level throughout all the effluent samples.

TABLE It. PARTIAL CORRkLATtONS BEWVEEN MUNITIONS CONCENTRATIOS
AND LC VALUES (a)

Partial Correlation Partial Correlation
Controlled Between twX Betwoen RD
Variable and W5 0  and LSO

COD -. 51 -"

SOD -. 61 --
N•l3  -. 67 -. 58

Total Kjeldahl-N -. 69 -.56

(a) Correlation coefficients given are signilicant at the
99 percent level or greater. Dashes are given in place
of correlations not. significant at the 95 percent level.

'- ---------
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